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FOREWORD 

This report is the third*"la a aeries concerned with the Human Factor» 
implications of "body armor for TJ. S. Army aircrewmen. The intent of this 
series is to assist the denigner of body armor by specifying design 
criteria, human factors evaluation methods and test results. The research 
described in this report evaluates torso protective armor for helicopter 
pilots and torso and seat protective armor for crew chiefs and door 
gunners. The cooperation of aviation unit and aircraft commanders made it 
possible for the protective items to he used and rated by aircrewmen 
operating in the combat theater. 

j 

^Previous reports are: 

Technical Report 67-28-PR: Human Factors Reqcit^ffieuts for the Deuiga 
of Helicopter Aircrewmsn's Se*t aad Groin 
Protective Units, Sep 66,  AD 6k0 891. 

Technical Report 68A-FR: Human Factors Evalu&tion of Body Supported 
Aircrewmen1 s Buttocks end C/otch Protective 
Units, Jul 67, AD 65ft 03*. 
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ABSTRACT 

Thirty five U» 3. Affny helicopter crew members evaluated the design 
feature* and acceptability of »30 caliber errcr-p&ercing protective erwor on 
präctit* or actual Üve-*:f Ire aerial misr Ions in South Vietnam.    Twenty 
pilots used £orso Froct Protective Armor, and 15 erev cuief« and door 
gunners uses Tcrr,o F^ont Protective Armor, Torso Back Protective Armor and 
Eteat/ürolR Protective Units.   Tbay rated the following variables:    fit, 
£0mfO7t, l&teriforenee with movement, suitability of outline and contour, 
acceptability of armor before and aCtsr experience vith the latest itsms* 
desirability of particular items on partisulfcr missions and body areas 
requiring protection.    In general, the? evaluated the itsms as both 
desirable and acceptable «M expressed a strong das ire to vear body ar&cr 
on a vidär variety of flight raiocions.   Besyions^s Indicated lihat the Torso 
?roüt Protective Armor requires only minor Improvement, but ths To^so Back 
Protective Armor requires changes In >>oth outline and contour.    The Seat/Groin 
Protective Unit requires improvement to help it swivel with the user. 

vi 
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Background 

Helicopter aircraft are "being exposed to increasingly higher levels of 
ground fire from enemy forces in the Republic of Vietnam (RW). Their 
effectiveness and vulnerability duringhover^ landing and take-off make 
'tloam prime targets for ground fire» ; 

Hit-and-run tactics of the enemy in HW thus far have precluded their 
use of large numbers of shrapnel-producing anti-aircraft weapons * Their 
maneuvering units have relied on direct-fire weapons of »30 caliber or 
less (small arms) as their principal defense against U. S* helicoptersy 
although .50 caliber weapons are occasionally used defensively and mortars are 
often used offensively against helicopters.. 

The protection afforded helicopter crew ©embers by very efficient 
shrapnel-protective armored vests (flak vests) has been reduced because 
high-velocity/ stable and very dense armor piercing small arms projectiles 
penetrate them with ease* To counter this threat^ the U. S, Army latlck 
laboratories (NL&BS) developed body armor units for aircrewmen of UH-1 series 
aircraft which would stop .30 caliber armor-piercing projectiles at 100 
meters range. Because prior research had produced hoth the rigid armor 
materials with this capability and the necessary design parameters to 
provide a large measure of protection with a '-tolerable degree of restriction, 
prototypes were quickly made and sent to H¥H for use. Two principal 
problems were encounteredt    (l) difficulty in fabricating the armor materials 
to the desired shape and contour while retaining penetration resistance^ and 
(2) difficulty in providing maximum coverage with minimum weight and 
performance decrement. The first problem was solved fairly rapidly. The 
earliest protective armored components for the crewmen were mosaies of small 
flat sections of armor material fastened-to an appropriately contoured 
backing. These soon were superseded by mosaics of fewer and larger plates 
which were curved to a constant radius« Additional advances permitted 
curving the armor materials to a variahle radius in one dimension and form- 
ing the entire armor component in one piece to eliminate structural weak- 
ness at the joints. It has now become possible to form a single piece of armor 
to almost any desired contour in any dimension* 

The rapid advances in the technology of armor fabrication have resulted 
in constant revision of prototype protective armor systems^ with shape and 
contour more closely approximating that of the human "body. Results.are 
reduced weighty bulk and restrietion^ with retention of maximum protection. 

limitations in available human factors capability^ the small number of 
OT-1 helicopters and crews available for personnel armor evaluations and the 



ff*~^-*«?xa**$?*x&mm*Kaa^^ 

i 

W-  '^^I^^^ffT^H^TWIj^T^ **-Tl' \ **T^JT*"lfI^^ ■r^"^»^««-* 

urgent need of prototype armor items for combat all combined to lestrict 
human factors evaluations $f prototype protective units, which did not 
keep pace with design improvements made possible by advances in fabrica- 
tion technology. 

tn 1966, the Army Materiel Command formed an investigating team and 
sent it to HVH to determine vhat armoi* was available and being utilized 
in the combat zone, and to establish further requirements for both 
personnel and aircraft armor.* The ULABS represent at iva (co-author E. R* B.), 
in addition to his team activities, cooperated with human factors personnel 
in planning and conducting a limited evaluation of the newest prototype air- 
crew protective armor being used in Vietnam. Plans were made to study 
toreo, seat and leg armor for crew chiefs and door gunners and torso armor 
for pilots and copilots. 

Objectives 

The principal objectives of the evaluation of the specified aircrew 
protection were: to determine the adequacy of each available body armor 
item with regard to fit, comfort and lack of restriction to movement and 
to determine what changes in dimension or contour were needed to better 
accommodate, the aviator population. Secondary objectives were to evaluate 
the acceptability of body armor to flight crewc before and after experience 
with the latest items, to determine which items of body armor would be worn 
on a particular type of mission by men in the different crew positions, and 
to discover the best-liked features of each item which should be retained 
in future designs. 

GENERAL METHODOLOGY 

Approach 

Objective performance data were not collected because of the time and 
facilities which would have been required to train an observer from each 
aviation unit and to have each crew fly its mission twice, once under an 
experimental and ence under a control condition. Instead, data were 
collected on each crew member*s subjective impression of the fit, comfort 
and restriction imposed by each armor item. This required only one flight 
by each crev to investigate thQ fallowing variables: the nature and 
severity of any intei* /erence with Job performance, the location and degree 

«See deccriptlon of activities and findings in "AMC Armor Team; Report 
of visit to South Vietnam - Ik February to k April i960"", Headquarters 
ft. S. Army Mtteriel Ccjntand, Washington, i). C. 20315* April i960. 

! 



of any restriction to movement, the adequacy of the item*« principle 
dimensions, an estimate of the length of time the item could, be used 
vlthout perform&nce dsciement, speed and ease of donning and doffing, 
general comments or suggestions for improvement, the best-liked fea- 
tures of the item, changes occurring during the study in aircrew 
members' attitudes toward the use of protective armor, and their 
preferences among protective items for use on missions of different 
types* 

Questionnaires 

In orfor to Implement this approach the following six Aircrew 
Body Armor Design Evaluation questionnaires were developed, tried cut 
on four Army Aviators, revised and condensed to the final form as shown 
in the Appendix: 

1* Background Information Questionnaire 

2. Individual Item Questionnaire 

A. Torso Front Armor 

B. Torso Back Armor (always worn with Torso Front Armor) 

C. Leg Protector 

D. Seat Protector 

3. Final Questionnaire 

Administrative Procedures 

The administration of the evaluation in RVK was made as simple and 
rapid as possible. AU the participating flight crews at a particular 
location were briefed as a group* Each crewman then completed the 
Background Information Questionnaire Individually. Following this, the 
experimenter measured the members of a complete crew, fitted tLem with 
the experimental protective armor Items and accompanied them on a live- 
fire aerial mission (practice or actual) to insure proper use of the 
tested items and answer any questions. Aftor completing their mission, 
the crew members filled- out individual item questionnaires and the 
Final Questionnaire, and were debriefed by the experimenter. 

The procedures used had a number of advantages. They permitted 
rapid and ?aay collection of data from a crew sample of adequate site 
and crow members were encouraged to express freely their Individual 
comments concerning the protective ite*s. Moreover, comaKmication and 
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understanding were encouraged by the Immediate availability of the exper- 
imenter to answer questions raised by field personnel concerning the tested 
Items. Xn addition, as each flight crev participated as a unit, it 
retained Its operational capability and a crev performing an evaluation under 
simulated mission conditions could immediately be dlvertsd to an operational 
mission if required. Finally, the minimal time required for aircrew partici- 
pation helped to insure the vital cooperation of commanders and crews. 

Crev chiefs and door gunners were to have evaluated a prototype hinged 
lag protector which vas designed to accommodate varying leg lengths.* 
However, adjustment of the length between subjects was found to require 
more time than could be afforded In the field situation so the leg protec- 
tor vas not evaluated. 

. 

* This leg Armor (full thigh and lower leg, articulated) consisted of a 
convex shaped unit intended to cover the cuter surface of the thigh, and a 
convex shaped unit vhlch covered the outer surface of the lover leg 
extending approximately 3" above the knee cap to approximately 3'1 above the 
ankle area. The thigh and lower leg unit were mechanically Joined together 
vith a metal hinge unit, so that the thigh and leg unit would pivot with 
thigh and leg movement. The armor material consisted of Dual Hardness roll 
bonded steel, having an areal density of 12 lbs. per square foot, designed 
to provide protection against 30 caliber AP projectiles. Extending from 
each side of the lover leg armor were steel foot support paddle shaped 
units which were attached to the lower leg armor by k bolts and nuts. In 
order to allow some size ad Justinen t h seto of epaced holes were provided 
in thö upper area of the paddle unit. By proper adjustment, the weight of 
the leg ar^r vjtild rest on the edges of the paddle and on the floor of the 
aircraft relieving weight on the thigh when in a seated position. Nylon 
pile and loop straps were attached to the thigh and lover leg unit in order 
to provide adjustment and retain the armor on the leg. An adjustable 
cushion ankle jhoe adjustment strap *as provided in the foot support paddle 
bracket, designed to hold the armor in piece by positioning it on to the 
leather combat boot. A pai^ of leg armor veighed 30 lbs. An experimental 
stock number F3N 8k70~NTK-6|>31 vas assigned to identify tho item. The item 
vas manufactured by Aeronutronlc Division of Philco Corporation, Ford 
Motor Company under contract #DA-19-129-AMC-736N. (See Figure 3). 

i 



Fig- 1. Experimental Aircrew Gunner /Crewchief Full Thigh and Lower 
Leg Armor,  Dual Hardness Steel 

5 



Data Analysis 

All responses to questionnaire items were tabulated separately for the 
group composed of pilots and copilots (called ""pilots") ami for the group 
composed- of crew chiefs and gunners (called "crewmen"), For brevity in 
reporting, comments from each group were listed verbatim^ then essentially 
identical comments were grouped together and rephrased* 

Bestrictions to body movement reported by crew members were divided 
into two categories: major and minor* Tor a pilot, major restriction 
was presumed to have occurred if he reported difficulty in performing any 
movement associated with controlling the aircraft or operating the weapons 
system. For a crewman, major restriction was presumed if he reported any 
interference with operating his machine-gun or performing any action 
important to proper operation of aircraft. Minor restriction was presumed 
to have occurred if any crew member reported interference with activities 
not critical to the performance of his major duties, such as reaching for 
maps or shifting body position for comfort. Ifo restriction was presumed 
only if a crew member reported that his job performance was essentially 
unimpaired. 

Description of Personnel Evaluating Aircrew Armor 

Themain sample consisted of 20 helicopter pilots and copilots, 
jointly referred to as "pilots",' and 15 crew chiefs and door gunners, 
jointly referred to as ™ crewmen?r■• fhe aircrews studied were believed to 
be representative of typical Army aircraft crews engaged in combat flights 
In South Vietnam. If this assumption is correct, the results based on 
these samples would be unbiased with respect to the total population of 
such aircrews» Practical considerations in a combat situation limited the 
size of the samples» The relatively small size of the sample as compared 
with the total populationmeaas that any sample of such size might differ 
considerably from- other sample s: simi larly sele cted. . However,; .the. re suits 
should be useful first approximations^ and far superior to ho information, 
Or to biased opinions of .individuals (samples of l). -■■/■;:' 

. Pilots» The. ages and body dimensions;, of the ^pilots are summarized.in 
fable I, fhey ranged.. In "rank from, Warrant Officer (W-l). to ^Colonel,. and in 
length of service from 3 to 2*J years. Four were college graduates, 13 had 
some college training, and three had completed high school» They had from 
1 to 23 years of flying experience?  from 2^0 to 8,000 flying hours, had been 
in the Vietnam combat zone, from 1 to. l6 months and had been in combat a 
total of from one to 60 months. They had flown from 1 1/2 to100 combat 
hours and from 2 to 1000 combat missions. Of the 20, 16  had received battle 



stars or the Air Medal (many having received additional clusters for the Air 
Medal) arid at least a quarter had received the Silver Star, the B, F. C>; 
the Soldier's Medal, or the Bronze Star. Seventeen had previously worn either 
the "flak vest", the flat "chest protector" or "both in combat and one had used 
groin armor 

fable I;:    Summary statistics for age and "body 
dimensions of pilots who evaluated the torso 
front protective unit. 

Dimension Mean S.D. N, 

Age  (years) 26-kj 3^.2 7.1 20; 
Weight (pounds) lto-200 175.5 17^ 20 
Height (inches) 65-75 70.1+ 2.7 20 
Chest Circumference  (inches) 36-Hk 39.5 2.3 15 

Crewmen. The ages and body dimensions of the "crewmen*1 are summarized in 
fable II. In general they were younger, smaller, and less experienced than the 
pilots» fhese men ranged in rank from PFC (E-3) to ISO (E-7) anä in length of 
service from 8 months to 18 years- One of the crewmen had completed college, 
two had some college, eleven had completed high school, and one had some high 
school training. They had from 3 months to 12 years of flying experience* from 
11 to ^000 flying hours, had been in the Vietnam combat gsone from 3 to 12 months, 
and had been in combat a total of from 3 to 36 months, fhey had flown from 30 to 
300 combat hours and from 25 to 350 combat missions* Six members of the group of 
15 had received a total of k Air Medals and 3 Combat Infantryman's Badges. Of the 
15 crewmen, 12 had previously worn armor, either the "flak vest" .(11)> the "chest 
protector'1 (7), the "groin protector" (l), or a combination of these, while three 
had never worn any armor. 

fable II: Summary statistics for age and body 
dimensions of crew chiefs and gunners who evalu- 
ated the torso front and back protective units. 

Dimension 

Age (years) 
Weight (pounds) 
Height (inches) 
Chest Circumference (inches) 

Range 

19-39 
120-190 
6k-J2 
32-^0 

Mean 

26.2 
160.5 
69.5 
36.6 

S.D. 

6-3 
17.6 
2.k 
2.3 

JL 
15 
15 
15 
Ik 
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§2SEO.: ASSESSMENT OF FREUTEST ATTITUDES TOtfARXf AIRCREW ARMOR PROTECTIOiB 

Procedure 

Prior ti/ evaluating the protective items during flights, each 
individual in the main sample completed the Background Information 
Questionnaire. In doing so, ho recorded data describing his back- 
*£o<u>d, iacluiing flight and ccmbat experience and his previous u*e 
of armor. Also, he recorded his attitudes toward wearing armor on 
coabat flights, toward the need for protection of various body areas, 
and toward present body armor and its use in combat. 

Results 

Acceptability of Armor in use Before Test, 

Results of item 30 of the Background Information Questionnaire 
indicated that the armor which was in use in Vietnaa at the beginning 
of the etudy did not satiefy its aircrew users.    Responses are shown 
in flfcbls III.    Hone of the pilots and crew chiefs checked fche most 
favorable answer  "a»    It does a good job just as it is."    Although kvf> 
checked "b.    It is good enough some improvements are needed.", the 
median (most typical) response was "c    It is fair", and about one 
quarter checked "d.    It is poor", or "e.    One would be safer without 
*,naor.' 

Table III:    Attitudes toward presently used body armor 

30.   Vfcat do ycu think of the body armor 
ghlaih is preseütly in use? 

a. It ÖCHS3 a good job just as it is. 
b. It is &x>d snougn although some 

irap^veronts are caeded. 
c; nf ia fair. 
d. It is poor. 
e. (fee would bo safer without armor. 
f. I have no opinion. 

Pilots 

20 

Crevmen 

15 

Total 

0 0 
* 

0 

6 8* iu 
7i 3 ioJ 
*4 2* 7 
i 0 1 
i 2 

35 

*ln thir and subsequent tables, a value of £ means that when two different 
answare were checked by an individu&l, each was credited with a value of £. 
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Desirability of Armor on Combat Flight» 

The responses to Question 28 of the Background Information Question- 
naire, "In general, how do you feel about wearing body armor on combat 
flights?" indicated a strong general desire for armor protection» Of 20 
pilots and 15 crewmen, 13 pilots and 7 crewmen answered: "a. I like the 
protection and always want to wear the best armor available." Four pilots 
and 6 crewmen checked "b. Body armor protection Is desirable eyen though 
it is heavy, gets in the way and makes It hard to do your Job." One 
pilot checked both ansver ''a. and answer "b. Only two pilots and two crew- 
men checked "c. The advantages and disadvantages of wearing body armor 
are about equal". 

Body Areas Requiring Protection 

Answers to Item 29 of the same Questionnslre, "What body areas do 
you want protected most?" differed somewhat between the pilots and crew- 
men. Table IV gives the rank orders for the two groups. 

Table IV: Body areas requiring protection 

Rank 

1 (Most important) 

2 

3 
k 

5 
6 (Least important) 

«Tied for ranks 3 «id k 

Pilots 

Jfead & Neck 

Chest 

Abdomen (belly) 

Grolw (crotch) 

Upper legs 
Lower legs 

Crewmen 

Chest 

Groin (crotch) 

Head & neck* 

Abdomen (belly)* 

Upper legs 
lower legs 

Although the responses to the *.' tituäinal items of Study 1 are of 
intrinsic Interest, primarily they were intended to provide a baseline 
from which changes In attitudes resulting from using the latest protec- 
tive Items could be measured In Study IV* For this reason no additional 
conclusions will be stated at this time, Study IV will compare attitudes 
before and after use of the new protective items, and the comparisons will 
be followed by additional discussion and conclusions. 
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STUDY II: EVALUATION OF TORSO PROTECTIVE ARMOR 

Description of Items 

Tbs Torso Front Protective Armor (TFPA) consists* of a vest-like 
fabric carrisr and a plate of armor which vas contoured to the surface 
of the torso (shown in Figure 2/. The plate extended vertically from 
tne base of the throat to the waistline and horizontally across the 
front and sides of the abdomen and across the chest from armpit to 
armpit. The side-opening carrier of cotton poplin consisted of a hack 
panel, two shoulder straps and a front pocket to contain the armor. 
The carrier was closed around the "body hy means of twc elasticized 
waist straps with nylon hook-and-pile closures* The weight of the armor 
was supported hy two shoulder pads integral with the shoulder straps. 
One of the shoulder straps was equipped with a quick -release, snap- 
fastening system. 

The Torso Back Protective Armor (TBPA) consisted of a contoured 
back plate in a cotton poplin cover (shown in Figure 3). The TBPA 
could not he used without the front protective armor as the TBPA 
fitted in a short pocket attached to the hack panel of the TFPA.* 

Concept of Use 

The torso protective armor was designed to protect the front of 
the torso for both pilots and crewman, with the capability of 
providing optional protection to thu back of the torso for those crew- 
men requiring it. Pilots and copilots sitting in fully armored ssats 
(seat pan, back and rear sides) needed only front protection, but 
crawchiefs and door gunners sitting iu unarmored jump seats required 
both front and back protection. 

1 

*Tfce full nomenclature for the TFPA is Armor, Body, Aircrew, Small 
Arms Protective, Front, with Carrier, 5SN öVfO-NTK-6501. 2 & 3 
(Short, Regular & Long). The combination of TFPA and TBPA is termed 
Armor, Body* Aircrew, Small Arms Frotective, Front and Back, with 
Carrier, FSN 81*70-NTK-6571* 2 & 3 (Short, Regular & Long). The 
carrisrs were fabricated in accordance with Military Specification, 
MIL-C«k35WtGL, Carrier, Body Armor, Air crewman, Small Arms Protective. 
The armor plates were fabricated in accordance with limited Procure- 
ment Purchase Description, IP/P DES 48-66* with cited drawing numbers 
8-2-217, Aircrew Curved Torso Armor, Front and 8-2-218, Aircrew 
Curved Torso Armor, Back. 

10 
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Fig. 2. Experimental Aircrew Torso Front Protective Armor, (TFPA) 
Consisting of Armor Plate Inserted in Fabric Carrier. 
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Fig, 3' Torso Back Protective Armor 
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Although the v-orso protective armor was intended to be carefully donned 
and doffed outsit the aircraft, a quick release shoulder strap elloved its 
rapid removal withia the aircraft, if necessary. Maximum protection aed 
minimum Interference to tending, sitting or stooping required that the front 
and tack armored components he vorn as high on the torso as possible. A 
continuous »elf-locking, pull-type vertical adjustment on the 5?FPA and 
snap-type incremental adjustments on the TBPA provided this capability. 
Progressive Deformation of the shoulder pads was observed Just prior to the 
evaluation. $h£s deformation caused the armored components to be 
positioned much lover than originally intended, even when adjusted as high 
as possible. Tats evaluation was conducted as scheduled vith this deficiency 
unremsdied. Interpretation of the obtained results requires consideration 
of the effects of this malpositloning of the armored components. 

Both the TFPA and EBPA were provided in three lengths for tall, medium 
height and short men. The horizontal dimensions were sized to acconmodate 
the narrow-chested and large-valsted men in each height category. This was 
done to provide a minimum of restriction to arm and shoulder movements of 
narrow chested men (at the expense of some protection) and a maximum of 
protection to the abdominal region of large walsted men (at the price of 
some weight and bulk). Table V shows the body size ranges of the intended 
veare>: «ad the principal dimensions for each size of TFPA and TBPA. A 
given individual would normally (but not necessarily) wear the same size 
*5BPA as TPPA. 
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Unforeseen baggage handling difficulties required that only two TFPA 
and one TBPA of each size could be transported to most installations for 
evaluation. As each helicopter normally carried a crew of four (pilot, co- 
pilot, crew chief and door gunner), at times several crew members required 
tLe same size torso armor. Some crew members were permitted to evaluate 
armor that was one size too large or too small, in order to obtain maximum 
utilization of the helicopter irews. Table VI shows that l6 of the 20 
pilots were properly fitted while four were not: two tall men and one short 
man wore size Regular armor while one medium man wore size Short. Seven of 
the 15 crewmen were properly fitted while eight were not: four tall men 
and one short man wore size Regular armor, two medium men wore size Short 
and one medium man wore size long. Fever pilots than crewmen were 
improperly fitted; pilots were fitted first because of the critical need 
for control of the aircraft. 
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Table VI:    Number of aen evaluating «• *ch •is* of torso armor who 
were properly and improperly flirted» 

Pilots 
(Front Only) 

Properly  Improperly 
Fitted    Fitted 

Crewman 
(Front and Bask) 

7 

8 

"16 

0 

3 

Properly 
Fitted 

0 

6 

Improperly 
Fitted^ 

1 

2 
6 

Siae of Armor 

Long 

Regular 

Short 

Total 

Results 
I     MIMIII    II  I 

Restriction to Movement. 

Properly fitted crew msvnbers. No major restrictions and only three 
minor restrictions were reported by pilots and crewmen properly fitted with 
torso armor. One pilot could not reach from the right hand neat to the 
center console with his right arm -without leaning to tii» Saft. Another 
pilot rubbed his right elbow against *>he lower part of the OTA while making 
extreme body movements prior to take-off. One crewman had some difficulty 
in bending to the sides. 

Inproperly fitted crew members. None of th* four pilots who were mis- 
fitted reported either major or minor restriction and three cf the seven 
crevsen who were misfitted reported restriction. One crewman reported 
interference with controlling his machine gun on the right side of the tir- 
craffc, while another reported being unable to bend far enough at the waißt 
to perform his duties» Both of these restrictions were considered major. 
The minor restriction was to a ci««nan who could not move cargo easily 
because of interference with his arm movements. 

Adequacy of Dimensions. 

Pilots. As is shown in Table VII the 16 properly fitted pilots con- 
sidered the dimensions of the TFPA to be generally adequate or too small, 
as was the intent of the design. The lack; of complaint concerning 
curvature of the armor indicates that it was a reasonable compromise for 
the diverse body sizes encountered* The one complaint of "too long" for 
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the length of the size Long TFPA and tvo complaints of too wide for waist 
width indicate a poesible need to reduce these dimensions slightly prior t< 
large-scale testing. The four improperly fitted pilots unanimously rated 
the length, chest width, waist width and curvature as "about right". Th? 
average estimate from all pilots of the length of time the TFPA could he 
worn continuously was k.6 hours (S.D. = 1.8 hours), which appears entir iy 
adäquate* 

Crewmen. As shown in Table VHt the properly fitted crewmen rated 
the front waist width and chest curvature of the TFPA and the shoulder 
width of the TBPA as "about right". Three crewmen did not rate the TFPA. 
The complaints concerning the length and chest width of the TFPA and 
length, back waist width and hack curvature of the TBPA indicate the pos- 
sible nesd to alter these dimensions. The eight misfitted crewmen reported 
in a similar pattern: the six misfitted with armor too short for them 
reported length, front waist width and chest curvature of the TFPA and 
length, shoulder width and hack curvature of the TBPA to he "all right". 
The TFPA chest width received ono complaint of "too narrow" and one of 
"too wide" and the TBPA hack waist width received one complaint of "too 
narrow". The two crewmen misfitted with armor too long for them did not 
rate the TFPA, one rated the hack length of the size Long TBPA as "too 
long" and one rated the shoulder width of the size Regular TBPA as "tco 
narrow". The average estimate from all 15 crewmen of the length of time 
the TFPA and TBPA could he worn continuously was 3.3 hours (S.D. - 1.9 
hours), which, although lees than the pilots' estimate, appears adequate. 

i Speed and Ease of Donning and Doffing Torso Protective Armor, 

Eighteen of 20 pilots and all 15 crewmen reported that the torso armor 
could be put on "moderately fast" or "very fast", with 19 of the pilots and 
13 of the crewmen reporting this "easy" or "very easy" to do. Ease and 
speed of donning the armor appears adequate. Additional familiarity with 
the items and practice in their use can be expected to reduce the number 
and degree of difficulties. Speed of doffing was not rated because of the 
rapid action of the jiick-release mechanism, but ease of doffing was. Only 
two pilots and one crewman reported even moderate difficulty in taking off 
this armor. 

S;     s 

i 

Common v.; 

Pilots.    The four comments in Table IX concerning improvement of the 
quick-releatse feature indicate its relative importance and pilots' dissatis- 
faction with the present design.    The three requests for increased protec- 
tion and three for reduced restriction and weight indicate that about as 
many pilots felt they were overburdened as felt they were under-protected. 
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i When interpreted in the light of the generally satisfactory performance and 
fit data., these conflicting comments indicate that the TFPA design approached 
the fine line betveen overburdening the pilot with too much protection and 
providing him vith insufficient armor coverage. 

Crewmen. ?our of the six conments from crewmen in Table IX concerned 
providing increased protection at the waist. If this should be accomplished 
by enlarging bütk thö front and back armored components, the pilots would 
not be able to wear the sara T^PA unit as the crewmen. As pilots indicated 
a possible n**d. for räör.cirg thö w&at coveregs, the only feasible means for 
increasing the oide coverage for tha crewman appe&rs to be widening the back 
arror at the waist sad providing more wrap-around at the sides. 

Table IX; Content of all comments awd suggestions pertaining to the 
torso protective unit?, 

s 

Coranent/sugge stion Frequency 

a.    Pilots (tcrso front only): 

1. Unit requires quick-re lease snaps on both shoulders. 2 

2. Torso armor should be flexible- 2   . 

3. Unit requires greater coverage at- Bides. 2 

k*    Unit requires a single motion quick-release.                                      2 

5. Unit is very good at present. 2 

6. Armor should be more adjustable. 

7. Armor should be lighter in weight. 

8. Armor should havt? a better pouch for survival kits. 

9. Shoulder snaps are difficult to fasten vhil* wearing armor. 

10. More body coverage is required. 

11. Corners of waist etici: 3ist too far. 

b *   Crewmen (torso front and back): 

1. licit requires greater coverage at sides. 3 

2. Unit is very good at present. .   2 

3. lower back should be widened. 1 
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Best "liked Features* 

Pilots• Table X shove that these were the relatively light weight of 
the TFPA, its comfort features and the amount of mobility and protection 
afforded. In addition, the comments ou the comfort of the chest curvature, 
when taken together with the unanimously satisfactory ratings for this 
characteristic, indicated that this chest curvature should he preserved in 
all future designs of torso armor unless valid indications to the contrary 
are received* 

Crewmen * Table X shows thst the features of the TFPA and TBPA best- 
liksd by crewmen paralleled those of the pilots with regard to fit and com- 
fort characteristics* One crewman ccmmented favorable on the weight dis- 
tribution. The two surprising remarks concerning the "light weight" of the 
TFPA and TBPA combined were interpreted as meaning the "relatively light 
weight for the protection afforded". This interpretation appears to be a 
more realistic appraisal of a system which weighed 25 pounds in size Short 
and 35 pounds in size long» 

Conclusions Concerning Torso Protective Armor 

1* Of 16 pilots and 7 crewmen who were properly fitted, no subject 
experienced major restriction while only two pilots and one crewman 
experienced minor restriction to body movement. These restrictions did 
not interfere with successful performance of their duties. 

2. Three of the 7 misfitted crewmen (but none of four misfitted 
pilots) reported restriction, two of them being unable to properly perform 
certain duties. 

3- The TFPA was generally acceptable to pilots in its present con- 
figuration. It was rated as fitting well and having a moderate degree of 
comfort for its weight and bulk. The length, chest width, and curvature 
of the TFPA appeared sdequate. 

h.    The quick-release feature of the TFPA is important to pilots, and 
some would like the feature to be even faster* 

5* The TFPA was acceptable to crewmen, whose comments showed it to 
be generally veil-fitting, properly curved, and comfortable* 

6. In its present configuration, the TBPA appears to be only margin- 
ally acceptable to crewmen. Changes in its shape are needed. 

1 • 
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1 Table X: Summary of best-liked torso protective usit features« 

i 

i 

I \ 

Feature 

a* Pilots (torso front only) 

1. The light weight of the unit. 

2. The comfortable chest curvature. 

3. The general freedom of movement. 

k. The arm cut-outs allowing free srm movement. 

5. The generally comfortable fit. 

6. The .30 caliber AP protection. 

7. The unit is cooler than the flak vest. 

8. Ease of donning and doffing. 

9* The quick-release features. 

b. Crevmen (torso front and back) 

1. The general freedom of movement. 

2. The generally comfortable fit. 

3. The generally comfortable curvature. 

k. The unit is comfortable (unspecified). 

5. The light weight of the unit. 

6. The protection offered. 

7. The good weight distribution. 

8. Ease of donning and doffing. 

9. The complete back coverage. 

10. The shape of front allowing free arm movement. 

11. The unit is cooler than the flak vest. 
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1 

1 
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Torso Front Protective Armor. 

1. The carrier portion of the TFPA should he redesigned with firmer 
shoulder padding and increased adjustment to position the armored plate 
higher on the body. 

2. The width of the armored portion at vaist level should he reduced 
one-half inch in sizes Regular and Long. 

3- The present chest width, length and curvature should be preserved 
in future designs. 

U. The <iulck-release feature should he improved to provide easier 
and faster operation and complete separation of the front and hack portions 
by means of s single body action* 

Torso Back Protective Armor, 

i* The oack curvature of the TBPA should be increased for size 
Regular and reduced for size Short. 

2. For all sizes, the back width at the vaist should be increased 
one-half inch and the side portions extended as far forward as the TFPA, 
to increase protection for the sides of the torso. 

3. The present length and shoulder width should be preserved in 
future designs. 

k.   The armored panel should be suspended higher on the shoulder 
straps to prevent interference with the body in the lower back area. 

■ 

STUDY HI; EVALUATION OF SEAT/GROIN PROTECTIVE UNIT 

Description of Item and Concept of Use 

As evaluated, the seat/groin protective unit consisted of a l6| by 12 
inch flat ceramic/glass reinforced plastic composite armored plate, approxi- 
mately elliptical in shape. A seven inch armored projection extended upward 
from the center of one of the longer edges to serve as a groin protector. 
The seat portion of the unit was cushioned by a one-half inch thick pad of 
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semirigid elaatic foam "bonded to the top surface. The entire unit weighed 
13 pounds and was covered with a einfie layer of uoven ballistic nylon 
fabric, (MIL-C-12369 - Cloth, Nylon, Balliotic for Armor). The seat/groin 
protector was rested on top cf ■ehe troop tfeat in the cargo compartment where 
the crev chief or gunner normally bits, thereby providing the occupant with 
armor protection for his bufrtoc&s sod fcrotch region (See Figure k). 

Crewmen Who Used the Protective UUit. 

Four crew chiefs and eight door gunners, ranging in age, height, weight, 
and chest circumference as shown in Table XI, used the seat/groin protective 
unit for approximately one-half hour on a live fire mission againefc actual 
or simulated targets* All crewmen wore a öubsample of those who evaluated 
the Torso Protective Armor and were wearing TFPA and 2!BPA-during the seat/groin 
unit evaluation. 

Table XI: Summary statistics for age and body dimensions of crewmen 
who evaluated the seat/groin protective unit. 

Dimension Range Mean gj>._ JL 
Age (years) 19-fc9 £9A 9-2 12 

Weight (pounds) 130-190 3.65.3 18.0 12 

Height (inches) S5-72 69.O 2.3 12 

Chest circumference (inches) 3^-to 37.^ 1.8 3 

Results 

Restriction to Movement, 

Two crew chiefs and two door gunners of the twelve crewmen evaluating the 
item reported that they had eufferei major restriction to body movement while 
attempting to fire at targets. The principal restriction was to the crewman's 
ability to track his target by pivoting in his seat. As the eeat/groin unit 
was rested on top of the existing troop Beat, frictions! forces prevented the 
unit from "following along" as the crewman attempted to pivot. The groin pro- 
tector added to the restriction and caused discomfort by providing a barrier 
to leg movement which chafed the inner surfaces of the thighs. Inspection of 
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the body elze ranges showed no meaningful differences between those crewmen 
who were restricted and those who were not* The reason for the lack of 
restriction of some crewmen could not he determined. It was suspected that 
those crewmen who were not restricted were able to successfully compensate 
for the seat unit's lack of movement by increasing their upper body rotation. 

Adequacy of Seat/Groin Unit Dimensions. 

Most of the crewmen rated each dimension of the unit as "about right"; 
all 12 so rated the curvature of the crotch protector. One crewmen rated 
ci^at width as "too small", another crewman so rated seat depth and a third 
crewman rated both these dimensions as "too small". Only one of tlie four 
crewmen suffering restriction to movement indicated dissatisfaction with 
any of the seat unit dimensions; he rated the height cf the crotch protector 
as "too small". 

Estimates of length of Time Seat/Groin Unit Could he Used. 

Of the 11 subjects responding, six indicated no limit, four indidated 
two hours or more and one indicated no more than one-half hour. The unit in 
its present form appears to he usable by most crewmen for at least a two hour 
period between refueling stops. Improvements in swiveling action would prob- 
ably increase the length of time it could be used. 

Comments. 

. i 

. \ 

Five comments were received to the effect that the sitting surface re- 
quired more padding and four suggestions were made that the unit should 
attach to or swivel with the crewman.    In addition, there were two comments 
that the crotch protector be padded and one that it he hinged. 

Best-liked Features. 

Five crewmen mentioned both seat and crotch protection, three indicated 
only crotch protection, one liked the height of the crotch protector and three 
did not respond.    The individual who liked the height of the crotch protector 
suggested that it be used as a rest for the machine-gun butt. 

Conclusions Concerning the Seat/Groin Protective Unit 

1.    The unit is useful and acceptable in its present configuration, but 
could be improved significantly. 

2*   From the lack of comment to the contrary, the seat/groin unit appeared 
to be compatible with the following tasks:    wearing upper body protective armor, 
loading, unloading and firing the machine gun, attaching and releaelng the crew- 
man's safety restraint, and performing routine in-flight tasks not associated 
with weapon operation. 
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3* The small number of critical comments strongly suggests a lack of 
severe problem*. More extensive evaluation in terms of flight time or sample 
size might have revealed additional difficulties, however* 

Recommendations for Improving the Seat/Groin Protective Unit 

1. Provide the unit with a swiveling action to "better permit the crew- 
man to track targets. 

2* Increase the side-to-eide width and the front-to-rear depth of the 
Hitting surface to insure adequate accommodation of the largest percentil"1 

crewman deemed feasible. 

3# Provide the sitting surface with at least one inch (but no more than 
three inches) of firm but comfortable cushioning to reduce discomfort and 
fatigue due to the lack of adequate blood circulation ?n the buttockn. 

k»   Provide the edges of the crotch protector with comfortable padding. 

5. Provide a hinged Joint "between the crotch protector and the sitting 
ourface to eliminate a possible safety hazard and increase ease of entry into 
and exit from the aircraft. 

6. Investigate the need for modifying the outline of the crotch proteccor 
to conform adequately to the shape of the thigh. The present study indicated 
that such modification may be required. 

7. Apply the curvature, height and width of the present crotch protector 
to future designs, a? these dimensions seem to be adequate. 

STUDY IV: ASSESSMENT OF POST-TEST ATTITUDES TOWARD AIRCREW ARMOR PROTECTION 

♦ ■ 

Procedure 

After completing the Background Information and Individual Item Question- 
naires and before completing the Final Questionnaire, each pilot used the TFPA 
and each crewman used both the TFPA and TBPA in a UH-1 B or D model helicopter 
for approximately one-half hour on a live fire mission against actual or simu- 
lated targets. Final Questionnaire reeultt uere compared with Background 
Information Questionnaire results from Study I i« order to determine changes 
in attitudes rosuiting from use of the armor, 
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Results 

Post-test Acceptability of Anoor for Combat Flights. 

In oplte of the additional experience gained by evaluating the tested 
prototypes and a slight difference In wording, the results of Item 1 of the 
Final Questionnaire were essentially the same as those for Item 2d of the 
Background Information Questionnaire. The only meaningful difference was 
that after using the armor, two gunners checked "d. The Interference with 
operating Efficiency outweighs the value of the protection furnished by 
body armor". 

Armor Components Desired for Flight Missions. 

Twenty pilots and 15 crewmen completed Item 2 of the Final Question- 
naire* The instructions were: "Ths types of flight missions are listed 
at the left and the four armor components are listed In the columns at the 
right. Opposite each type of flight mission check each of the armor 
components you would like to wear on that type of mission" * Table XII 
summarizes the results. The pilots desired torso front protective armor 
for nearly all flights, and seat protective armor about kO$ of the time* 
Only 17$ of pilots wanted to use the TBPA and only Of, desired to use the 
Leg Protective Armor, Although a somewhat smaller proportion of gunners 
and crew chiefs than pilots desired to use TFPA, a much larger proportion 
of them wished to use Seat Protective, Torso Back, and Leg Protective 
Armor. The totals and raiuks at the right of Table XII indicate the 
relative desire for armor protection on the ten kinds of missions which 
are listed. 

Utilization and Issue of Armor. 

Items 3-7 of the Final Questionnaire furnished supplemental Informa- 
tion concerning when and how the armor should be used: 

1. The results of Item 3 Indicate that 26 of the 35 pilots and 
gunners (8o#) would put on chest or chest and back torso protective armor 
on the ground before entering the aircraft, five (lUf)  would put on the 
armor In the aircraft before lake-off and two gunners (6) would put it 
on in flight prior to expected enemy contact. 

2. Item k indicates that 9 of 3^ (26$) would don the leg armor on 
the ground before entering the aircraft, (29$ would put it on In the 
aircraft before take-off, (6£) just efter take-off, (9$) in flight prior 
to expected enemy contact, and (29$) (mostly pilots) answered "f. I will 
never wear leg armor on auy mission". 
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3. Item 5 indicates that 26 of 35 pilots and crewman (7*$) would 
never or hardly ever wear TFPA or TBPA when performing ground duties, (17$) 
would wear It most of the time and (9$) would wear it about a quarter of 
the time. 

*u Item 6 indicates that when net wearing the armor, (^9#) would 
stow it in the aircraft, (26#) in the ready roow, (l7#) in the billets, 
and ($$)  in some other location* 

5. Results for Item 7 indicate that 13 of 55 (37#) think the armor 
should be issued as "d. Aircraft on board equipment (like the fire 
extinguishers), 3^ favor "a. Individual issue (like your flight heljnet), 
26$ fa-or 'V Company issue (like your individual weapon)11 and 3# favored 
"c. TA-21 issue through RSO (like your field pack)'1. 

Conclusions Regarding; Post-test ^Attitudes 

1. The results of Items 1 and 2 of the Final Questionnaire, when 
taken together, -.Türm a strong endorsement of the need for torso protective 
armor by the pilots ar*d crewmen who used it* 

2. Results of Item 1 of the Final Questionnaire agree with the pre- 
tedt responses to Item 28 of the Background Information Questionnaire. 
This indicates that attitudes toward the need for armor were only slightly 
affected by this experience with armor. 

3. Pilots want TFPA for nearly all types of combat flight missions. 

k.    Of 15 crewmen, 87$ want TFPA and 73$ also want Torso Back and 
Seet/Groin Protective Armor. 

GENERAL- CONCLUSIONS 

1. Armor used prior to this test was not favorably regarded. The median 
rating which the participating pilots and crewmen awarded the armor that 
was in use in RVH at the beginning of the study was only "It is fair11. 

2. In contrast, the results of Item 28 of the Background Information 
Questionnaire and Items 1 and 2 of the Final Questionnaire indicated that 
crew members who used body armor in this test had a strong desire to wear 
it on a wide variety of combat flight missions. 
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t        3, Pilots and crsvman differed somewhat in their rankings of various 
body areas with respect to their need for protection, hut agreed that the 
legs were of lesser importance than the head, neck, torso or groin* 

k*   Pilots vent Torso Front Protective Armor for nearly all combat flight 
missions and gunners and crew chiefs want it for most missions, 

5. The quick-release feature was considered important for TFPA and should 
be improved to provide easier operation. 

£.   The suspension of the TFPA should be improved. 

7. Almost 75$ of gunners and crew chiefs want Torso Back Protective Armor 
even though its present configuration appears to be only marginally accept- 
able to them. Changes in both contour and shape are needed. 

8. Almost 75$ of the gunners and crew chiefs would want to use the seat/groin 
protective unit on a variety of combat flight missions« 

9. It is believed that the acceptability of the seat/groin unit to crewmen 
would be materially improved by incorporating a sviveling action into its 
design, by minor changes in its shape, and by improving Its padding. 

10* About one-fourth of the gunners and crew chiefs desired leg armor. 
Bovaver, the prototype design for test purposes should be improved to make 
it more quickly adjustable to accommodate varying leg lengths. 

29 

I 
3 

*■-.   „   >*,*Mw>*-i*..«.pj^«iiMn Kjwuiita-"'' ■ <*«**»«»»«—»»=■■  - ^—.'«um. ...» . ■■» ■ »w mmfrnm**wiMf&minii&m * »■ <iitfc.i,-ijjitf-.rai.ifv(faji-j^vpf^yy*i^| 



■pur ww WSH^SSSSS^S^SSS^B 5?5 ' ■**■■*■.■"p1' !! lPil 1P www »r 

co 

O 

5 

tu 

3 

4 

i 

3 

tä 

0 

i 

OQ 
OQ 

s 
u 
o 

.co 3 

Ü 

ä 

s 
P4 

ü 

co 

I 

Ü 
OQ 

s 

o 

co 

1 

m 

vo 

a 

CM 

r-4 
H 

ro 

H 

8 

QO 

vo 

00 

Ol 

00 

a 

00        Q 

Ol      VO 

OJ 

LT* 

LTs 

8   8 

O 

03 

00 

ir\ 

8 

§ 

S3 

m 

\r\ 

ON 

H 

vo     *£    « 

VO        C*-        Q        Q 
vo     vo     vo     VO 

00 OJ       0\ o       H       O       H 
r-\ A R        r-J        i=4        i-4 

00 oo      e- t-    vo     00     t- 

q OJ      OJ LT.     co     m 

OJ CJ      w o      o      o 

s?    as    a a  <* 

OS        ON 

OJ OJ 

s? 3 

en 

3 ON     VO 
H       H 

1 

0J   ■| ^J 

a. 

V
is

u
 

an
d 

(S
ee

 

11 

I .] 
S    a« ffl 

OQ 

8   |S 
a o 

|   8* 
§    »«I 

8 
3 
OQ 

Hc 
a U o u •A 
8 a o 

1 >> 
Ä 

IM to 

to 

•H 

ON 

OJ 
i-4 

ON 
i-4 

! 
CO 

8 

13 

» 

m 
O     m 

g 5 

no 

OJ 
00 

Tft 
\T\ 

ON 

S 
m 

lft 
m 
m S 

ON 
* 

§ 
lft 
ON 

OQ 

§ 
OQ 
03 

■a   * 
$   ° 

30 



^s^^m^^^!^m^^^^^m^^^^ tmm***virtf<w fwnw"'v " 

ACKHOÄMDGEMEWCS 

The authors vlsh to express their appreciation to the commandjers and men 
of the following units, whose wholehearted eo-operation and hard work 
made this study possible: 

'Toint Re sear ah and Test Activity; Vietnam 
Army Concept Team in Vietnam 
Air Fores Test Unit, Vietnam 
Navy Test Unit, Vietnam 
U.S. Army Vietnam 
Aviation Brigade, USARV 
12th Aviation Group and Assigned Battalions 
17th Aviation Group and Assigned Battalions 
3^th Aviation Support Group and Assigned Battalions 
1st Air Cavalry Division 
1st Infantry Division 
25th Infantry Division 
173rd Airborne Brigade 
U. S. Army Special Forces, Vietnam 
2nd Air Division 

A special notice of appreciation is due the Project officers who 
accompanied the AMC Armor Team: 

LTC Vincent L. Ulery, ACTIV 
MAJ William T. Effler, USARV 

i 
t 

31 

. -?»■* _-%*«..«»■ ^w*^*^**' irtwiVTWi^v»**^»»*»;-^ä-^.. .u',.^^^     _■  r^^^m 



,; VfrWWKf^irtVIIWWrf*^ M#^/wi^TC**«iK*»=»fc*i*»^ 

Aircrew Arsor Rvalue titans 

Instractione for eap«ri»anter 

Gpsssing ^ÄtÄösrks fcc sublets 
i 

To laclud«; 

1. The present study is an evaluation *f c«ar n«sv*st type« *>f protective arswr 
for pilots» co-pilots, crew chiefs and gunners. In order to &ake onr latest 
developments in aircrew araor even better suited for the job they h&'re to do, 
combet aircrews heve to fly with the» on end tell us what works «ad what 
doesn't work. 

2. This iß your pert in the Research & Dsvelopoent effort. We need information 
from you. In order to get thii information, we heve designed a series of 
questionnaires for you to complete. 

a. The first questionnaire will give us background information on you. 

b. The second type of questionnaire concerns the araor itesa* we will ask 
you to fly with. 

c. The lest questionnaire gives us inforaation after yon hsve flown with 
sll the items. 

3. These questionnaires wiU give us the information we need if they are filled 
out carefully. ?lease giv» us your opinions, no taatter what they are. You 
can't hurt our feelings. 

4. All information la strictly between us. go, £££.. but, the esper inen t er a will 
see the questionnaire», fteoe* are used to »fttch opinions with background 
data. 

5. I'll answer any ^ueotione yeu fcay have n$w. 

Instructions for adsinistering questionnaire #1 

This questionnaire concerns background info^aation vital to interpreting 
the test results. Fill in the blank* ©r circle the correct answer» as 
applicable. If you don't understand a question, please raise y©ur fcfiad and I 
will cone tc you. 3e as complete and accurate as possible. There Is no tiee 
lielt. PXe&ee begin. 

Give questionnaire #1,, 

At end of session - Asy ftsrefeer questions? 

Start fittis* for ite* evaluations. 
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V Airerew Body Arsar D**ign Evaluation 

Interview f«cording Sheat IRS-1 

Bate Heso 

Height(w/o choe»)      tf«tght(v/o clothing)      Chtat clr    tfaitt eir^ 

Itca Worn ?it O.K.           Mt not O.K.  

i 
Ph&ao It Crewtan ät duty station, «irersft on ground, | 

£• Request crewosn to simulate p*r forming hl.« eajor BlasIon. Question htm es 
follovcj 

1. '»WERE THERE AJTC KSSIRICTICHS TO, Ö£ BimmßtfCES WITH, HOVEMEHTt*1 

(*>    YRS <b>    KO 

2. "WHERE ON YOU DID THESE RESTRICTIONS <* WTSRÄRÄHCSS 0COTR?w  

3.    ,fWHAT PART OP THE WEM IKTSÄnRÄD?" 

4.    "WHAT MS THE RESULT OF THE JNTÄRPEREKCEr 

S.    "HOW SEVERE WAS THE XNTERFEREHCE?" 

fr,    'WX SCOT HOVEHEKXS WKRS TOB &SAXXNG?" 

b.    Rop&at ?hese I with nsst crews^a until entire erst? eove?«d. 

Phare lit    Let tntire crew f3>7 a slsuifitsd «lesions quäsfilon each subject individually 
A3   fftllOtJGt 

ä,    "WEAT OTKES ITEMS OF THIS Tggg HAV^ TSU tfCSS EIFCatSt" (Met th*a belovj 
and esk cfcss to.raafe their preferences (I * ss*£ prsfarreä» 

T»ga of ittgg RsnV, 
a 
5* l. 

it  ~  
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IRS-2 

b.   tKBX DID tm caooss wm FISST «siXMAST" 

I 

Phts* IIIt Irft «ubjtct fill cut the «pproprltt* qu«ot*.&2t*ir« #2 for ehi« it««. 

MASK TOK QU2STI0KHAI1I, "SnciAL" Wfrr* ycu giv* it to th« «&ü. 
Attach to thii «ht«t ufan it* rttuva» 

AMXRE OT F«cm 347G 
3 P*WU«Y 1^6 
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Aircraw Body Arsor DäBiga aS-Äitwatiea 

l.    Background in£oraastiJS2 qüagCioasmira 

Sataj      __  

1-1 

Information c oncers ine thu raspoadeas 

1. KÄKSi 2. %*J&t 3. AS»1 

4.    HK1CS3? (without »fao««)jw 

6.    MDSl 

in.  5. VSJGS?(witheut clothing)? jtttmdo 

7, KANE OF KOSt 

8.   oaGAmmaa^ 

9»    LCCATICKt 

10. HtJHa&R OF MCKTH3 ttationad in thi* Coobat Zonat,. 

11. LBIfCTK OF SER7ICE in y»ari a»d wootfe»t 

12. UÖW.T5 OF JLYIKG EXPERD&CEi  

13.    AmOXXKATE KCKBZR OF FlICHT BOÜRS^ 

i4.    TEA» OP BUTHt  

15.    AG* AT LAST BXRTODAY* 

16. BDtXSATXOKt    I have finiahads fciräla correct ontvar) 

a. Sons Grade School d, Äigfe School 

b. Grade School e. Soaa Collaga 

e.    So»» High School f. £olla$j 

17. Th* total nusbar of MQKTKS I hava ba« XH COMBAT ict 

18. The approri»«* TOKE& of CäQ&T K1S3X0H5 £ heva flown *s\ 

19. Tha approximate tfSKSSR of OOWBAT HOöaS I hava flown itl,_ 

20. Ii9t Battle Stara and/or otbar ccefeae «ward» received:  
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1-2 

£1.    FAST EXmZ&*C3 tfüXTBG AK*&£ (Flight helmta and oteel ^almsts are no* 
included).    Clt^U cm« or »ore answers »nd fill in ths other information 
r &<&& £t*d, " """ 

a«    I have acver worn any boiy aro&r töfore today« 

fe«    I hav* worn b©dy armor te£ß£ training flights. 

(Daaerib« eypa o£ er&or worn)« (22)  

I hev* vorn body «mo? during combat flights« 

(Approximate number of combat hour« flown while veering enaor)t 

(23>  -   , 

(Describe typ« of srmor vorn): (24)  

d, I have baen hit while wearing «raior on a combat flight« 

(Describe typa of araor worn and results of hit)i (25) ^ 

26, ASSXCHBD POSITION IN AIRCRAFT:. 

27. ASSIGNED AEtCRAFT TTO«  

28. In g*ner*l, hew do you feel about wasring b*'dy araor on combat flightct 

a« I lika the protection and always want to v*»r tha bait sraor available, 

b« Body araor protection is destreble even though it is heavy, gota in 
the vay and make* it hard to do your job« 

c. Tha sdventage« and disadvantages of wesriuj b6dy armor era about «oval. 

d« Tha interfarance with operating efficiency outweighs tha value of fcn* 
protection furnished by body armor. 

o. Body araor is so hesvy and clumsy that on« is safer without it. 

f« I have no opinion at all. 

29. WHAT BODY ARIAS DO TOD WAnT PKOTgCTH) HOST? (Number the area most importsnt 
to protect 1, tha next most important 2 and so on. In addition, draw a line 
through every erea which you think ? 'ads no protection or where protective 
equipment would be a disadvantage.) 

Cu Hand and neck 

b. ^ast 

c. Abdomen (belly) 

d. Groin (crotch) 

a« Upper legs 

f« ItOwsr legs 

( 
j                AKXRE OT Fe™ U7> 
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1-3 

30. What do you thinfe o£ _ha body **ttor väleh ft« prosanti? la u**? 

*.    Tt doss ft good Jo3> Just ce It __t. 

b, It it good tiithough «es* iwpTOvessate ar« ntiadad 

c- It It fair. 

d. _t ie poor, 

4, On« wmXd be ftafor vitkO-t armor. 

U I have no opinion. 

31. What ar* ths ualn good points and bad points In tha präsently ucad bo4y 
ar_or?    Baacr&bt,       ___     ___________________ 

32*    Seats briefly bow yw pur cor illy faii about using body &r*or on cosbafc 
flights:  - 
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Aircrew Body Amor Dsslgn gv&luation 2A-1                  I 

2*    XHDIVEHIAX. 1SSK QÜESTIGSHAIRE -     | 

A.    TORSO gROKt A5HQ& j 

KAHS                               BATS                                                        *    : 

1. Did yws notice any restrictions to, or Interferancas with» sei*ves&ant which were 
related to thlt artear? 

a. 7es        ;J. Äo 

If your nnsvar to Qu*< a tit/it 1 wes "No11, «»it questions 2, 37 4 <*nd 5. 

2. Indicate the location of «ach restriction or infcerfcranc©. 

3. Vfoat was tho nature of «ach restriction or Inter France? 
w  „*« 

4. Ho» sovere vat aach restriction or interference? 

■ 

5.   What job were ycu doing and what body noveojmts ware you making at fch« time of 
each interference or restriction?     _____ 

INSTRUCTIONS *    for each of the following quee.lcsa, circle the answer whl&h best 
describes your feelings.   Kike any CORSMEUS yens daslre In the spaces erovlded. 

6.   How long do yon think yon can wear the tsreo front armor and par fern yotsr job 
satisfactorllyt 

s.    1/2 hoar b. 1 hour e. 2 hour* d# 4 hoara        a« 6 harore or »ore 

AjkJJtRE OT Fan» 347B -ft 
3 F.bruiry 19*4 2 
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9A-2 

8s   ^h*t 4o you think of fcha chast H*ä£ä oS 6hfi s«**ee fresse arae_*? 

a. Toe vide, 

b. Too narrow. 

c. About right. 

Cuss^r.tn on cheat vidth;       

9. What do yee think of the vidth of the toreo froat äraor as vsar gatatT 

a. Too vide. 

b. Too narrow. 

c. About right. 

CoKisrts en width at valet( 
■ mwimi —«M»»M 

10. What do you think cf tha curvature of th@ torso front arttor? 

a« Curved soo *uch. 

b* Curved too littla. 

c. Curvature about right. 

Cosaients on curvatures  

11. How rapidly can you put on the torso front arsort 

a. Very faat. 

b. Koderetsly fast, 

c. Slowly. 

d» Vary slowly. 

Cosaants oo apeed of ^tttof on tfee torso front error? __, 

AMXREOTF*r»,«7B 
3 FcWvffy lf*A 39 
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7.    Whet d«> y«s think of fch*» ^e^^th »f tbo tsrao jfrotfifc sjsraor? 

a. Too long« 

b. T9Ö short. 

c. About tight. 

Co&sents on lengths ______ ...  $ 

•■■-••»*ut^_ö*i 



2A-3 
12.    How difficult is  it to put on the torso front armor? 

a. Very difficult. 

b. Mottazatsly difficult. 

d. Very easy. 

Cements osi difficulty in putting on She torso front arpor* 

13. Hov difficult io it to take of* this arrtjor? 

a. Very difficult. 

b. Moderately difficult. 

c. Easy. 

d. Very easy. 

Coiwent» ön difficulty of taking off thie armor: 

14. Suggest ways in which you think the torso front artaor could be improved:   

15. What features ot* the torso front ermot do you especially like? 

AMXRE OT  Form 3476 
3 Ffbruery  19« 
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Aircrew Body Ar&or Dealgn Evaluation 

2.     INDIVIDUAL ITEM QUS8TX0KJA2RE 

B.    TORSO BACK ARM0R(wora with TORSO gftOtfT AJHOtt) 

2B-1 

HAHE ßAtt 

1. Did you notice «ny restrictions to, or intsrfarancrs with, «ov«a»nt which were 
related to thle araor? 

t. Yes     b. No 

If your Oliver to Question 1 waa ,*Ho", «alt questions 2, 3, 4 and 5. 

2, Indicate the location of e^ch restriction or li»ttt*ferencs. 

3. What was the nature of each restriction or Interference? 

4. How »cvcrc was cftch restriction or Interferencs?  ~  

5. What job were you doing snd what body aoveaent« w«/e you »eking *t  the tie» of 
each interferencs or restriction?  

£  INSTRUCTIONS: for each of ehe following questions, circle the answer which beet 
'E ^ dcccrlbes your feelings. Mske any cosnente you deslrs In the space* provided. 

o 3 

2 rt 

6, How loiig do you think you can wsaz the torso back ansor snd pcrfora your job 

satisfactorily? 

a. 1/2 hour b. 1 hour c. 2 hours d. 4 houri «. h hwre or sore 



sr— 

7. What do you think of tna length of th« torttv back ar»>t? 

*. Too long. 

b. Too short. 

c. About tight. 

Cowment9 on length; ^^^^^^^^^^^^^^^  

2B-2 

b, What do ycu think of the width sjroat »hfr ahouldcrc öf the tcrao back arasor? 

ft. Too vide. 

b. Too carrov. 

c, About tight« 

Coss&nts on width acroae shoulders:        

9.    Whftt do you think of thtt width aero« the lovar beck? 
' — - - - •  —    -r -        --■ ■ —    i» 

*. Too wide, 

b. Too narrow, 

c- About right. 

Coteefönt* on vi&th acroao lower b*ck; 

10.    Whet do you think of the cm gftture of tho toixc tack arraar? 

p.    Curved too euch. 

b. Curved too little. 

c. Cur* iture About right. 

Cocaents on curvature:                

U. How rapidly c*n you put on the caabin*-' back *nd front tore© armor? 

a. Very fast- 

b. Hoderataiy fatt. 

c. Slowly. 

d. Very slowly. 

Coraienta on apead o£ putting on the combined b&ck and front ter»o anaor; 

(AMXRE 0T Fofm 347C ■ 
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2B-3 

12* How difficult It it to put on the ecartbined back and front torso araor? 

ft. Very difficult, 

b. Moderately difficult. 

c. Easy. 

d. Very sosy. 

Cooaents oa difficulty in putting on the conMned back and front torao anaor: 

13. How difficult is it to take off the combined back and front torso a^taor? 

a. Very difficult. 

b. Moderately difficult, 

c. Easy, 

d. Very ea*y. 

Consents on difficulty of taking off this an&or:  

14. Suggest ways in which you think the tors* back armor could be improved; 

15. What fsecures of the torso back armor do ymj especially like? 

:      ^ AWXRE OT farrr 347C 
3 F.Wry   i966 
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Aircrew Body Aruov Design Evaluation 

2*  INDIVIDUAL ITEM QUEST ZOfmAIRS 

C. LKG PROTECTOR 

2C-1 

NAHE DATS 

1.    Did you notice any restrictions to, or Interference; with, taovötsent which were 
related to this Amor? 

a.    VJ3 b. Mo 

If yov.x answer to Question i was "No", omit question« 2» 3, 4 and 5. 

3. What vas th& nature of each restriction or interference? 

4« How severe vas each restriction or interference? 

5* What job were you doing and what body movements were you asking at the tine of 
each interference or restriction? 

o  INSTRUCTIONS! for each of the following questions, circle the anstrer «filch beat 
S  describes your feelings. Kake Any cotesents you desire in th» »pacas provide. 
f. * 

"■ ~ 6. How long do you think you can weir th* lag, froat torso end b*ek aroor and 
o s    perform your job satisfactorily? 
m J 

I* a. 1/2 hour b.  1 hour c.  2 faour« d. A hour a a. 6 hours or »ore 
Zc- hk 
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2c-a 

7. What do yoa think o£ the length of the thigh aneor? 

«v TOO long* 

b. Too short, 

e. About right. 

Coassenta on length of thigh Armors 

8. What do you think of th« width of th« thigh ereaer? 

«,# Too vide (gets In v*y)- 

b. Too narrow (tight). 

c. About ri£ht. 

Gosaenfcs on width of thigh amor:  i 

9. What do you think of the aligcasnt of thigh protector tftfch log? 

t. Top points too far in toward» crotch, 

b« Top points too far out, 

c. Top is aligned with l«g. 

CoRssnt^ on aligzssentt „___„_„___«_«_^^-».«««««^««-^ 

10. Wets the lover leg araor adjustable enough I 

a. Yes     b* Mo 

11. What do you think of th« width of the leg enter fit your knee joint? 

a« Too vide (gets in vay). 

b. Too nerrev (tight), 

c. About right. 

Ccsasnts on vidth at kn*ö joint t , 

"♦5 

AWXRE OT Fef:*347D 
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12, How la the widch at your ankls? 

a. Too via**,  f3t« coo loos sly. 

b. ?&d narrow, fit» Coo tightly. 

c. About right. 

Coöflwnfcc on width et ankles 

2C-3 

13. flow it the overall lenath of th« leg arsor whan standing? 

a. Tec long, upper edge too near crotch. 

b» Too short, not enough protection. 

c. Right length, neither too long nor too short. 

Coooants on overall length:  t_-  

14« Sew rapidly can you put on the leg error? 

a. Very fast. 

b. Koderately fast. 

c. Slowly. 

d. Very slowly, 

Coauenta on speed o£ putting or* th* leg araort 

15.   How difficult ie it t$ put ot; the leg armor? 

i*.    Very difficult. 

'o.    Koderately difficult. 

c.    Easy« 

(1.    Very easy« 

Cos&ents on difficulty in putting on the leg arson 

ks 
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16. How difficult la it to take off this cnsort 

«. Very difficult. 

b. tfc*tertft«iy difficult. 

c. E«ay. 

d. Very «asy« 

Cement» on difficulty of taking off this erwotj 

17.    Suggest w«y« in which you think th» leg; äTäSX c<m.<d be nanrcmU 

18.   Mite feature» of tho 1«$ amor do yea «specially life*? 

I 

AMXRE OT Form $4*0 
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Aircrew Body Armor Design Evaluation 

2.     INDIVIDUAL ITEM QUEmOWAIRB 

D.    SEAT KUJTBCTOa 

2D-.1 

KÄME BATE 

1. Did you notice any restriction« to, or interference    ,/ittr  soveme&t which w«r« 
related to this i„ea? 

«• Ye« b. Ho 

If your answtr to Question 1 vas "Ko", oait questions 2, 3, A and 5. 

2. Indicate ehe location of each restriction or interference* 

3, What WHS the nature of oach restriction or interference? 

4. How ssvere was each restriction or interference? 

5.    What Job were you doing and whet body ttovtaent« ware you making at the tiao of 
each interference or restriction?         

§    XHSTOJCTXÖNS*  for each of th« following queftiose, circle the anewar trfiieh frset 
«■ * do«crlbos your feeling«.    Mako any ccacsantc you dosir« in Che e^ace* provided. 

How lm%z do you think you can sit oa tho «oat projector and pwrfor» yc*ar job 
oAtiefactorlly? 

«u 1/3 hour b.  I hour c. 2 hnura d. 4 hours s. 6 ftoure    f» no li«it 
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7. Whet do yeu think of t.ia fjont to rear dsgth at ths aa&Z  prorecKorf 

a. Too long, 

b* Tec thort, 

c. About right, 

Co*»«nt? on depth:           

2D*2 

i 
■I 

3. What do you think of tha old* to «id« width of feh« »ft&t projector? 

a, Too wide. 

b, Too narrow, 

c, About right. 

Cosine» on width«    __„ 

9, What do you think of Che height of the crotch protector portion of the ie&t 
protector* 

a. Too high« 

b. Too lo*f, 

c. About right. 

Coneventa on height of crotch protectort 

10. What do you think of the curvatyga of tha crotch protector portion of tha ae&t 
protector? 

a. Curved too mjch 

b. Curved too little, 

c. Curvature about right» 

O^attnts ©a curvatures     

i. 

n. busgeut vtya in which you think the ««at protector could be inprowd: 

■ ■-iti   »urn» ■   ■■»■i.,miw.i«i 

$    12.    fchat xoitturee of the «eat protector do you especially lik^T 
E -o 

is 

Si ■ 
< n 

*9  . 

'"-    **v^ *'*a*«& 
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Aircrew Body Arwor Daöign Evaluation 

3. Final questionnaire 

'3-1 

Armor Components 

Type of Mission 

*, Troop transport to contact 

b. Troop transport, contact 
possible but not expected 

c. Armed escort 

d. Visual reconnaisance and 
target destruction (Seek 
and Kill) 

e« Tacticsl nedical evacuation 

f. Downed «iicraft recovery 

g. Air Observation Post (tor 
Forward Observer) 

h. Night reeenaaisimce 

i« 2aycholt$ical warfare 

J. Aerial «supply 

Torse 
Front 

Torso 
Back 

teg 
Protector 

Seat 
Frotector 

—■■■« —■■ 

NAHE. 

1» 

DATS 

In general, now do you now feel about wearing body armor on combat flighto? 
(Circle one ansver) 

a. I like the protection end always rant to wear the best armor available« 

b. Body armor protection ie desirable even though it is heavyt  gets in 
the way end makes it hard to do  your job« 

c. The advantagee and disadvantages of wearing body araor seem to bo 
about equal« * 

d« The interference with operating efficiency outweigh* the value of the 
protection furnished by body amor« 

e. Body armor is so heavy and clumsy that one is safer without it. 

2* Ten typee of flight missions are listed below at the left and the four srtor 
components are lifted in columns at the right« Opposite each type of flight 
mission check each of the armor components you would like to wear on that 
type of mission. 

AMXRE OT F«m 347P- ' 
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s 
j 

3'2 
3* If you are going to wear chest or chast and back «rtror on a elesion, when will 

you put it on? (Circle one answer) 

a* on the ground, before *ntaring tha aircraft, 

b* in th« aircraft before take-off. 

c. in tha aircraft just after take«offt 
.j 

d. in flight prior to expects«! eneay contact. 

a, In flight after enetny contact. 

f • X will never wear chest or chest tad back '**or on any xaiasion. 

4. If you are going to wear leg areor on & aler,ion, when will you put It ott? 
(Circle one answer) 

a. on the ground before entering the aircraft. 

b. In the aircraft before take-off. i 

c. in the aircrsfr. just after take»off. I 

d. in flight prior to expected enooy contact. 

e. in flight afttr eneoy contact. £ * 

£-, X will never wear leg armor on any adsaion. j 

5* How wach of the tine do you expect to vsar chest or chest and back eraoor when 
S>erforcing ground duties? (Circle one answer) 

a. Kost of the tine. 

b. About half of the tiaa. 

c* About a quarter of the tine» 

d. Hardly ever« | 

a. Never. I 

6. Where will you stow your aroor when you're not wearing itt (Circle one saswer}       *    \ 

a. fci the aircraft. \ 

b. Zn the billets. 

c. In the resdy rooa. 

d. Scasplace else. (Specify)i 

7. How r)n aid the aruor be issued? (Circle ens sm**^*^) 

a. Individual issue (like your flight habest) 

b* Cc&paay issue (like your individual weapon) 

c. TA-21 i*eue through ?$Q  (like y«ur field pack) 

d. Aircraft on-board equiixsent (like the fir® extingtsiahara). 

AJrfXRE OT I-«,« 347f 
3  Fv'aupry   19W 51 

i 



!^^ " ^*~*agH£K^*-]—^—■ .„^^-^äS*^^w-^W!^lTOföS^ 

UNCLASSIFIED 
SecuritvCt * *ai fie Mian 

DOCUMENT CONTnOL PATA ^ R & D 
fj»tfw<.>- iJg-B.f »eilige HJJ fW«, tcdy |>J afr.fr/fltfj and Inifaghut ^wigfafJc*» mutt b* whf*j nfr»» ihm o<r*t*U Hpwf I* cfmJfJ.tfj 

pttlQlH* TINO ACTIVITY {Cupoteffl withi*,} 

US Army Hattck laboratories 
Natick, Massachusetts   017ob 

3* pte-FQUT ice ynii- f CLAtHF(C*.Tton 

Unclassified 
Ik   OKOUF 

NA 
1, ntfOHt TdTt,« 

EVALUATION GF AEMi AIRCREVf PROTECTIVE AKMOR IK VXBXNAM 

4. D«c»cntPTiVt HOT cm fTVpp *# rtp**( owf brtliitiit* dittij 

*► *tjinom*y(ftr*t o***, «Ida* ufus.1, t*»f MMJ 

John H. McGinnis 
Ei chard I» Burse 
qtlvarfl R. Barren  

H    B1PDBT OATH 

■Tune ilfffi? 
*JH   CONT14C7 OH  QHAHT M^ 

t, PPOJICT NO, 1002U701A121-0? 

ier D iTRiBurtOhi ITATBMSHT 

»■,  TOTAL. MO, OP PA4EP 

51 
Mi NO. OP flE.fl 

§*» CHcOlNATOft+E RK^OflT NL'ut£tHt*> 

69-79-PB 

EFT-? 

This document has been approved for public release and sale; its distribution 
is unlimited. 
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1*. EPONSOftINQ MILITARY ACTIVITY 

U.S. Amy Jtetick Laboratories 
N&tick,  Va. OI760 

Thirty five U. S. Array helicopter crew members evaluated the design 
features and acceptability of .30 calibsr armor-piercing protective armor on 
practice or actual live-fire aerial missions in South Vietnam.   Twenty pilotr 
used Torso Front Protective Armor, and 15 crev chisrs and door gunners uaed Torso 
Front Protective Armor, Torso Back Protective Armor aM Seat/Groin Protective 
Units.    They rated the following variables: fit, comfort^ interference with 
movement, suitability of outline and contour,acceptability of armor bsfore and 
after experience with the latest items, desirability of particular items on 
particular missiona and body areas requiring protection.    In general, they 
evaluated the items es both desirable and acceptable and expressed a strong 
desire to wear body armor on a vide variety of flight missions,   Fcsponass 
indicated that the Torso Front Protective Armor requires only minor improvement, 
but the Torso Back Protective Armor require changes in both outline and contour. 
The Seat/Groin Protective Unit requires improvement to help it swivel with the 
user. 
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Evaluation 

Design 

Acceptability 

Body amor 

Torso 

Seat amor 

Relicopters 

Flieht crevß 

Pilots (personnel) 

Armor pie rein G r.mmunition 

Protection 

LtMK   A 

8 

8 

9 

0 

9 

li 

l* 
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LMK  8 LIWK  C 
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0 

10 

9 

9 
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